Purpose
The aim of this study was assessing display devices for diagnosis and visualization/treatment by means of the measurement of parameters such as luminance and illuminance, comparing such measurement results with values recommended by internationally recognized associations.
Methods and Materials
The data were collected by means of a Unfors Xi luminance detector, calibrated according to the National Institute of Standards and Technology (NIST), with a calibration error < 2%, at five different institutions, and according to the method described on the American Association of Physicists in Medicine (AAPM) TG18 report (Figure 1 ). Such detector is comprised by an optical tube and a light blocking ring that attaches over the light sensor zone, allowing direct contact of such light blocking ring with the screen surface ( Figure  2) , thus avoiding the need for dark room conditions during measurements. With such equipment, it is possible to measure luminance values ranging between 0.05 and 50,000 cd/m2, with a resolution of 0.01 cd/m2.
In the case of 22 secondary displays, as they were fitted with manual adjustment of screen brightness, at least two measurements per 18-image set were performed, corresponding to maximum brightness, minimum brightness or found brightness (since in some cases the found brightness was equal to the maximum brightness or to the minimum brightness).
In the case of the 23 primary displays, only six of them were equipped with manual brightness control, while the others had internal self-adjusting brightness controls.
A Delta Ohm HD 9221 lux meter was utilized for illuminance measurements. Such a measurement device, calibrated according to the NIST, has an automatic scale change feature, allowing the measurement of values between 0 and 200,000 lux, with a resolution of 0.1 for measurements below 200 lux and 1 for measurements above 200 lux. Its stability is 0.15% and standard deviation is 0 ± 0,06%/°C.
A recording framework was created to allow storage of the following data:
• date of the measurement; • institution to which the display belongs; • display device serial number; • model and make; • date of manufacture; • measured illuminance level; • display device classification according to the AAPM Report 03; • found brightness in the case of secondary displays. The recording of luminance measurements results was made by means of the Unfors Xi View detector, with direct data transfer through USB port. The data collection was performed by means of a consistent and systematic method comprising some pre-defined steps, as follows: assurance of a minimum 30-minute warm-up for testing each display device; cleaning of the display screen surface; checking of the brightness window and recording of the brightness results in those devices where this is possible; assembling and stabilization of the measurement device by means of a tripod in the area defined for testing; measurements performed with the display devices in the standby mode.
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Results
Among the 23 primary displays at the studied hospitals, six were equipped with manual brightness control. The remaining 17 were equipped with a sensor for selfadjusting luminance level, and for that reason, a single measurement was performed for each one of those display devices. On the secondary displays, as the value for Lmax was compared with the values established by the AAPM Report 03 recommendations, the variation was not significant (# > 0.05), with a mean difference of 23.30 cd/m2, as compared with the standard value of 100 cd/m2, with a standard deviation of 58.48 cd/m2. Measurements with values < 100 cd/m2 were obtained in nine displays. On the secondary displays, the Lmax values with maximum brightness were significantly above (# = 0.001) the reference value of 100 cd/m2, with a standard deviation of 41.94 cd/m2. The mean difference value was 59.31 cd/m2. Only one display did not reach the reference value (Figures 3; 4) .
In general, both the primary and secondary the displays were compliant with the AAPM guidelines. As regards ambient lighting, the primary workstation rooms were slightly above the recommended levels. As far as The Royal College of Radiologists (RCR) recommendations are concerned, the number of compliant displays corresponded to a minority, with no significant difference, though.
